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APPLICATION FOR 
UNITED STATES LETTERS PATENT 

Be it known that I, Peter W. Shackle, a citizen of the United States, residing in 
Madison, Alabama, have invented a new and useful "LED Drive For Generating 
5 Constant Light Output." 

BACKGROUND OF THE INVENTION 

The present invention relates generally to devices that can be used to control 

the Ught output of hght sources. More particularly, this invention pertains to a device 

10 that can be used to control the Hght output of a light emitting diode Ught source. 

Light emitting diode (LED) light sources are known in the art. For example, 

the prior art teaches the use of LED trafi&c signal devices. These devices are typically 

designed to be connected to an ac power source and include an ac to dc converter that 

converts the ac power supplied to the device into dc power. This dc power is then used 

15 to power an array of LEDs included in the device. 

The various benefits of LED based traffic devices are well known in the art. 

LED traffic devices consume less power than their incandescent traffic device 

counterparts. In addition, LED traffic devices have longer usable Ufe spans when 

compared to their incandescent traffic device counterparts. 

20 LED traffic devices, however, do have one specific disadvantage that is 

addressed by the present application. These devices generally include a plastic lens 
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that is used to enclose the LEDs used in the LED traffic device. This lens degrades 
over time and, as a resvQt, reduces the effective light output of these devices. This is 
an undesirable condition because it makes it difficult for automobile drivers to see the 
traffic signals generated by the LED traffic device. 
5 A review of the prior art relating to LED traffic devices indicates that there 

does not appear to be any smtable solution to this problem. 

What is needed, then, is some type of device that can be included with an LED 
traffic device that compensates for this reduction in effective hght output and ensures 
that the effective hght output of the LED traffic device remains relatively constant 
10 over the lifetime of the device. 



SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is to provide a device that can 
be used with an LED traffic device to compensate for the reduction of effective hght 
15 output causes by degradation in the plastic lens used with this device. 

Another object is to provide a device that can be used to compensate for the 
reduction in effective hght output in LED hght sources that may be caused by other 
reasons as well. 

These objects, and other objects that will become apparent to one skilled in the 

20 art upon a review of this document, are satisfied by an LED drive that includes an 

LED current generating circuit and an LED drive controller. The LED cvirrent 
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generating circuit is operable to receive power from a power supply and to generate a 
DC current based on that power input. The LED drive controller is operable to 
automatically increase the dc current output of the LED drive in predetermined 
amoimts at predetermined times to ensure that the effective Ught output of an LED 
5 hght sovirce connected to the LED drive remains constant over the effective operating 
lifetime of the LED Ught source. 

In one embodiment adapted to be connected to an ac power source, the LED 
drive includes an AC/DC converter, an inverter, a rectifier, and a microcontroller. The 
AC/DC converter is operable to convert a low frequency ac power signal appUed to the 

10 device into a dc power signal and the inverter is operable to convert the dc power 
signal generated by the AC/DC converter into a high frequency ac power signal. The 
rectifier is operable to convert the high frequency ac power signal generated by the 
inverter into a dc power signal, which can then be apphed to an LED hght source and 
used to generate a dc current signal for the LED hght source. The microcontroller is 

15 operable to automatically increase the dc power signal, and as a result, the dc current 
signal, appUed to the LED Ught source in predetermined amounts at predetermined 
times to ensure that the effective Ught output of the LED array remains constant over 
the effective operating Ufetime of the LED Ught source. 

In a second embodiment adapted to be connected to a dc power sovirce, the LED 

20 drive simply includes the inverter, rectifier, and microcontroUer. The AC/DC 
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converter is not necessary in this embodiment because the signal apphed to the device 
is a dc signal rather than an ac signal. 

In a third embodiment, adapted to be connected to an ac power sovirce or a dc 
power source, the LED drive includes an LED light sensor that is operable to generate 
5 a Ught signal indicative of the effective hght output of the LED Ught source. The Led 
drive controller in this embodiment is adapted to use the light signal to increase the dc 
current signal applied to the LED Ught soxirce to ensure that the effective hght output 
of the LED hght source remains constant over the effective operating lifetime of the 
LED hght source. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing one embodiment of the LED drive of the 
present invention. 

Fig. 2 is a block diagram showing an embodiment of the LED drive of the 
15 present invention adapted to be connected to an ac power source. 

Fig. 3 is a block diagram showing an embodiment of the LED drive of the 
present invention adapted to be connected to a dc power source. 

Fig. 4 is a block diagram showing an embodiment of the LED drive of the 
present invention that includes an LED hght sensor. 

20 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to Fig. 1, one embodiment of the light emitting diode (LED) Ught 
source drive 10 (referred to simply as the LED drive 10) of the present invention 
includes an LED current generating circuit 12 and an LED drive controller 14. The 
5 LED current generating circuit 12 may also be referred to as an LED voltage supply, 
an LED power converter, an LED current converter, or an LED current generator. In 
a similar manner, the LED drive controller 14 may alternatively be referred to as an 
LED voltage controller, an LED current controller, an LED power controller, or simply 
an LED controller. 

10 The LED drive 10 is adapted to be connected to and to receive power from a 

power source 16 and to be connected to and output a current signal to an LED Hght 
source 18. More specifically, the LED current generating circuit 12 is adapted to 
receive power from the power source 16 and to convert that power into a power signal 
(also referred to as an output voltage signal) that can be appUed to the LED Ught 

15 source 18. When the power signal is applied to the LED light source 18, a current 
signal is generated that drives the LED Ught source 18. The LED drive controUer 14 
is adapted to control the power signal and, as a result, the cvu-rent signal, output by 
the LED current generating circuit 12 so that the effective Ught output of the LED 
Ught source 18 remains approximately constant over the effective operating lifetime of 

20 the LED Ught source 18, i.e., the time period during which the LED Ught source 18 is 
capable of outputting sufficient amounts of Ught so that the LED Ught source 18 can 
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be used for its intended purpose. In other words, the LED drive controller 
compensates for reductions or degradations in the effective light output of the LED 
Ught source to ensure that the effective hght output remains relatively constant over 
the operating Ufetime of the LED light soinrce 18. In one embodiment, the current 
5 signal suppHed by the LED current generating circuit 12 is a dc current signal and the 
power signal generated by the LED current generating circuit 12 is a dc power signal. 

The LED drive controller 14 of the present invention is designed to control the 
current signal output by the LED current generating circuit 12 in several different 
ways. In one embodiment (Fig. 2), which implements an open loop control scheme, the 

10 LED drive controller 14 is adapted to automatically increase the current signal output 
in predetermined amounts and at predetermined times during the effective operating 
lifetime of the LED hght soxu-ce 18. The amount and timing of the increase in the 
current signal is dependent upon the rate and timing of the degradation of the 
effective hght output of the LED hght soiu'ce and varies from one application to 

15 another. In another embodiment (Fig. 4), which implements a closed loop control 
scheme, the LED drive controller 14 is adapted to increase the current signal output 
based on a hght signal received from a feedback hght sensor. Additional information 
regarding this embodiment is provided below. In still other embodiments, the LED 
drive controller 14 may be adapted to control the current signal using a combination of 

20 open loop and closed loop control schemes. 
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An LED light source typically includes some type of lens, in many cases a 
plastic lens, which degrades over the effective operating lifetime of the LED light 
soxurce due to environmental conditions in the location where the LED Hght source is 
operated. In addition, other components used in the LED Ught source, e.g., LEDs, 
5 typically degrade over the effective operating lifetime of the LED Hght source due to 
wear caused by normal usage. This degradation causes the effective Hght output of 
the LED Hght soxirce to decrease. The LED drive controUer 14 is designed to 
compensate for this reduction in effective Hght output by increasing the current signal 
suppHed to the LED Hght source. The amount of the increase in the current signal 

10 necessary to compensate for a reduction in effective Hght output is dependent upon 
the amount of the reduction in effective Hght output. In a similar manner, the timing 
of the increase in the current signal is dependent upon the timing of the reduction in 
effective Hght output. 

The degradation in the effective Hght output of an LED Hght source may be 

15 constant or a variable depending on the type of LED Hght source and the 
environmental conditions in which it operates. If the rate is constant, the LED drive 
controUer 14 can be adapted to increase the current signal output a certain percentage 
continuaUy or at regular intervals. In addition, the LED drive controller 14 can be 
adapted to increase the current signal output at a constant or variable rate over the 

20 effective operating Hfetime of the LED Hght soiu-ce 18. For example, if the effective 

Hght output of an LED Hght sovirce degrades 10% every 1000 hours of operating time, 

-7- 



Attorney Docket No. N8226 
Customer No. 23456 

the LED drive controller 14 can be adapted to increase the current signal output by 
10%, or whatever amount is necessary to ensure that the effective light output stays 
approximately constant in spite of the degradation, after every 1000 hours of 
operating time. If, on the other hand, the effective Ught output degrades 10% after the 
5 first 1000 hours of operating time and 15% for every 1000 hoiirs of operating time 
thereafter, the LED drive controller 14 can be adapted to increase the current signal 
output by 10% after the first 1000 hours of operation and 15% for every 1000 hours of 
operating time thereafter. In other embodiments, LED hght sources may experience 
any one of a variety of degradation profiles, i.e., constant degradation, variable 

10 degradation, or a combination of constant and variable degradation, and the LED 
drive controller 14 can be adapted to compensate for these degradation profiles. 

To enable the LED drive controller 14 to automatically increase the cxirrent 
signal suppHed to the LED Hght soiu-ce 18 by the LED current generating circuit 14 in 
predetermined amounts and at predetermined times, the LED drive controller 14 

15 includes an LED connection sensing module 20, a timing module 22, a memory 
module 24, and a control module 26 (see Fig. 2). The LED connection-sensing module 
20 is adapted to sense when the LED light source 18 is connected or disconnected firom 
the LED drive 10 and to generate a connection signal indicative of that fact. The 
timing module 22 is adapted to generate a timing signal indicative of the operating 

20 time of the timing module 22. The memory module 24 is adapted to store information 
regarding the effective operating lifetime of the LED light source 18 and information 



Attorney Docket No. N8226 
Customer No. 23456 

regarding when the LED drive controller 14 should increase the current signal output 
to the LED light source 18 and the amount of that increase. The control modide 26 is 
adapted to control the overall operation of the LED drive 10 as described below. 

In operation, the LED connection sensing module 20 senses when the LED Ught 
soiirce 18 is connected to the LED drive 10 and sends the connection signal indicative 
of that fact to the control module 26. In response to this connection signal, the control 
module 26 in the LED drive controller 14 activates the timing module 22, which 
generates the timing signal indicative of the operating time of the timing module 22. 
The operating time of the timing module 22 is assumed to be the operating time of the 
LED light source 18 because the timing module 22 is activated when the LED light 
source 18 is connected to the LED drive 10. The control module 26 in the LED drive 
controller 14 monitors the timing signal and compares it to the information stored in 
the memory module 24 to determine when it should increase the current signal output 
by the LED current generating circuit 12. When the comparison of the timing signal 
and the information stored in the memory module 24 indicates that the current signal 
should be increased, the control module 26 uses the information stored in the memory 
module 24 to determine the amount of that increase and then causes the LED current 
generating circuit 12 to increase the current signal in the appropriate amount. 

The LED connection-sensing module 20 can be implemented in a variety of 
different ways well known in the art. For example, in one embodiment, the LED 
connection-sensing module 20 is simply a resister having a very low resistance. In 
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this case, if the LED Hght soiirce 18 is connected to the LED drive 10 and the LED 
drive 10 is supplying the current signal to the LED hght source 18, a voltage is 
developed across the resistor. If the LED hght source 18 is disconnected from the 
LED drive 10, the voltage across the resistor will drop to zero because no current can 
5 flow through the resistor when the LED hght source 18 is disconnected. The control 
module 26 in the LED drive controller 14 monitors the voltage on the resistor to 
determine when the LED hght source 18 is connected to the LED drive 10 and 
activates the timing module 22 based on that voltage. 

The LED drive controller 14 may also include a variety of additional features 

10 designed to make the LED drive 10 safer and easier to operate. The LED drive 
controller 14 may be adapted to automatically stop increasing the current signal 
output by the LED cxirrent generating circuit 12 or to stop outputting the current 
signal completely when the effective operating lifetime of the LED hght soiurce 18 is 
reached. The LED drive controller 14 may also be adapted to automatically cause the 

15 LED current generating circuit 12 to stop supplying the current signal to the LED 
hght source 18 when the LED drive controller 14 senses that the LED hght source 18 
has been disconnected and to automatically restart when the LED hght soxirce 18 has 
been reconnected. The LED drive controller 12 may further be adapted to 
automatically reset the timing module 22, which is used by the control module 26 in 

20 the LED drive controller 12 to calculate the amount of time that the LED hght source 

18 has been operating and discussed in detail above, when the LED hght source 18 is 
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replaced and the LED current generating circuit 14 is suppl5dng current to the LED 
light source 18. 

To enable the LED drive controller 14 to automatically stop supplying the 
current signal to the LED Ught source 18 when the LED light source 18 is 
5 disconnected from the LED drive 10 and to automatically restart when the LED hght 
source 18 is reconnected to the LED drive 10, the control module 26 in the LED drive 
controller 14 monitors the connection signal generated by the LED connection sensing 
module 20 and, when that signal indicates that the LED Hght source has been 
disconnected, the control module 26 causes the LED cvirrent generating circxiit 12 to 

10 stop supplying the cvirrent signal to the LED hght source 18. In a similar manner, if 
the connection signal indicates that the LED hght source 18 has been reconnected to 
the LED drive 10, the control modide 26 causes the LED current generating circuit 12 
to start supplying the current signal to the LED hght source 18 again. 

The LED connection-sensing modvde 20 is also used by the control module 26 to 

15 automatically reset the timing module 22 when the LED Ught source 18 is replaced 
and the LED cxurent generating circuit 14 is supplying current to the LED hght 
soiu-ce 18. As indicated above, the LED connection sensing module 20 generates the 
connection signal indicative of whether or not the LED hght source 18 is connected to 
the LED drive 10. When this signal indicates that the LED hght source 18 is 

20 disconnected from the LED drive 10, the control module 26 automatically resets the 

timing module 22. If power is not being supplied to the LED drive 10, i.e., the LED 
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drive 10 is not "on," the control module 26 will not reset the timing module 22 when 
the LED Ught source 18 is disconnected from the LED drive 10. 

To enable the LED drive controller 14 to automatically stop increasing the 
current signal suppUed to the LED light source 18 or to automatically stop supplying 
5 the current signal to the LED Hght source 18 completely when the LED Ught source 
18 reaches the end of its effective operating lifetime, the control module 26 takes the 
timing signal generated by the timing modxde 22 and compares it to information 
stored in the memory module 24 to determine when the effective operating lifetime of 
the LED hght source 18 has been reached. When the comparison of the timing signal 

10 and the information stored in the memory module 24 indicates that the effective 
lifetime has been reached, the control module 26 causes the LED current generating 
circuit 12 to stop increasing the current signal to the LED Ught source 18. 
Alternatively, the control module 26 causes the LED cxirrent generating circuit 12 to 
stop supplying the current signal to the LED Ught source 18 completely. 

15 One skilled in the art wiU recognize that the various modvdes used in the LED 

drive controller 14 may be implemented using hardware, software, or a combination of 
hardware and software. The description of the LED drive controUer 14 included above 
is not meant to Umit the LED drive controUer 14 of the present invention to the 
specific embodiment described above. The appUcant contemplates that the LED drive 

20 controUer 14 may be implemented in a variety of different ways using hardware 

and/or software combinations Umited only by the ingenuity of one skiUed in the art. 
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The power source 16 may be an ac power source or a dc power source depending 
upon the application. In a similar manner, the LED light source 18 may be any one of 
a variety of different LED light sources known in the art. For example, in one 
embodiment, the LED drive 10 of the present invention is adapted to be used with an 
5 LED traffic signal device well known in the art. In other applications, the LED drive 
10 is adapted to be used with other tj^es of LED light sources as well. 

The LED current generating circuit 12 varies depending upon the type of power 
source 16 that is to be used. Referring to Fig. 2, in one embodiment, the LED drive 10 
is adapted to be used with an ac power source 28. In this embodiment, the LED 

10 current generating circuit 12 includes an AC/DC converter 30, an inverter 32, and a 
rectifier 34. The AC/DC converter 30 is adapted to convert a low fi-equency ac power 
signal, e.g., tjTpically 120 volts at 60 Hz, to a dc power signal and to provide that signal 
to the inverter 32. The inverter 32 is adapted to convert the dc power signal into a 
high frequency ac power signal, typically 25-60 kHz, and to provide that signal to the 

15 rectifier 34. The rectifier 34, in turn, is adapted to convert the high firequency ac 
power signal into the dc current signal used to supply power to the LED Hght source 
18. The LED drive controller 14 varies the dc current signal output by the LED 
current generating circuit 12 by varying the fi:equency of the inverter 32 as is well 
known in the art. 

20 In one embodiment, the inverter 32 is a half-bridge inverter (not shown) that 

includes a series resonant output circuit (not shown). The operation of half-bridge 
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inverters having series resonant output circuits is well known in the art and will not 
be discussed in detail in this appUcation. It is sufficient to point out that these types 
of inverters are adapted to receive a dc power signal input and to convert that signal 
into a high frequency ac power signal. More specifically, the half-bridge portion of the 
5 inverter converts the dc power signal input into a high frequency pulsed dc power 
signal and the series resonant output circuit converts the high frequency pxilsed dc 
power signal into a high frequency ac power signal. In addition, it is important to note 
that the current output of these types of inverters can be increased or decreased by 
varying the output frequency of the half-bridge portion of the inverter. In other 

10 embodiments, other types of inverters capable of generating a high frequency ac power 
signal output may be used as weU. 

The rectifier circuit 34 is a fiill bridge rectifier (not shown) that includes a 
smoothing output capacitor (not shown). As was the case with the inverter 32 
discussed above, full bridge rectifiers are well known in the art and a detailed 

15 description is not necessary for an understanding of the present invention. It is 
sufficient in this case to point out that the full bridge rectifier is adapted to convert the 
high frequency ac power signal input into a dc power signal and the smoothing output 
capacitor is adapted to smooth the output of the full bridge rectifier so that the dc 
power signal is approximately constant. The dc power signal can then be used to 

20 supply the dc current signal to the LED Ught source 18. In alternative embodiments, 
the rectifier 34 may be a bridge rectifier, as opposed to a full-bridge rectifier, i.e., it 
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includes only two diodes rather than the four diodes required for the full bridge 
rectifier, or a single diode rectifier. 

The AC/DC converter 30 required by the LED drive 10 of the present invention 
is also a full-bridge rectifier (not shown) that includes a smoothing output capacitor 
5 (not shown) and operates in a manner that is similar to that of the rectifier 34 as 
described above. 

Referring to Fig. 3, another embodiment of the present invention is shown. In 
this embodiment, the LED drive 10 is adapted to be connected to a dc power source 36 
and to receive a dc power signal input. In this case, the AC/DC converter 30 is not 

10 required because the input signal is a dc power signal rather than an ac power signal 
as shown in Fig. 2. With the exception of the conversion of an ac power signal into a 
dc power signal, the LED drive 10 shown in Fig. 3 operates in a manner identical to 
that described above for LED drive 10 shown in Fig. 2. 

Turning now to Fig. 4, an additional embodiment of the LED drive 10 of the 

15 present invention is shown. This embodiment includes a LED Ught sensor 38 that is 
adapted to generate a fight signal indicative of the effective fight output of the LED 
fight source 18. The fight signal is fed back to the LED drive controUer 14 and the 
control module 26 included in the LED drive controUer 14 uses the light signal to vary 
the current signal output by the LED cvirrent generating circuit 12. More specificaUy, 

20 the control module 26 compares the fight signal to information stored in the memory 

module 24 and, when the comparison indicates that the effective fight output of the 
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LED light source has dropped below a certain predetermined level, e.g., 10% of the 
desired effective light output, the control module 26 causes the LED cxirrent 
generating circuit 12 to increase the current signal suppUed to the LED light source. 
Note that LED drive controller 14 may or may not be adapted to automatically 
increase the current signal in predetermined amounts at predetermined times in this 
embodiment. The applicant contemplates that the LED Ught sensor 38 may be used 
to complement the automatic operation of the LED drive controller 14 described in 
previous embodiments or to replace that operation altogether. 

Thus, although there have been described particular embodiments of the 
present invention of a new and useful LED Drive For Generating Constant light 
Output, it is not intended that such references be construed as hmitations upon the 
scope of this invention except as set forth in the following claims. 
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